INTRODUCTION
Some of the important places and key equipment are usually equipped with protection device, such as smoke alarms, fuses, etc. Normally, the protection system is not working, once received a signal, the protection device will start. Usually, many protection devices are difficult to remove, inconvenient maintenance, and maintenance will also introduce fault. In addition, the general protection equipment with low cost and high maintenance cost, regular maintenance is not cost-effective. Generally, the reliability of the device is high, and the strategy of period replacement is a better choice.
In order to prolong the working time of the protective equipment and improve system availability, the methods of adding redundancy and periodic replacement are proposed. However, the age of spare parts ，especially for electronic components, will be reduced in a standby state for a long time. This system which spare parts in the reserve period will fail, but the failure rate is lower than the using parts is called warm standby system (Gan M. Z, 2005) .
In the early days, by using Markov process theory or Markov renewal process theory, some important reliability indices of the two-component redundant systems had been derived (Ascher H, 1984) . Lam ) first introduced a geometric process repair model to approach the deteriorating repairable systems. Under this model, two kinds of replacement policy for a one-component repairable system with one repairman were studied. Then, a lot of studies for the deteriorating systems were carried out by using the geometric process model (Pérez-Ocón R, 2002) .After geometric process model was introduced, much research has been conducted (Wu S, 2005) . Most of the research object of the standby system is reliability. However, Zhang T (Zhang T, 2006) studied the availability and reliability of kout-of-(M+N): G warm standby system. Wang K. H. (Wang K. H, 2006) analyzed the availability and reliability in four warm standby systems.
In this paper, the protection device is abstracted as a warm standby system consisting of two identical components. Through the method of mathematical modeling, we discussed the optimal replacement intervals under the block replacement policy.
PRELIMINARIES

Problem description
As is shown in Fig. 1 , the warm standby system consists of two identical units. At first, the unit 1 is used. If the unit 1 fails, switch immediately, the unit 2 (spare part) accesses the system. If the system is available, it will not be maintained. When the two units are failure, both replaced. If the system is available, the two units are replaced simultaneously, until a predetermined period is reached. In the infinite Period, we determine the optimal replacement interval T for maximum system availability.
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Assumptions
In order to solve the problem presented in Section 2.1, the following assumptions are made:
(1) Products are unrepairable. After replacing, both unit 1 and unit 2 are "as good as new".
(2) Preventive replacement according to the time interval T, or after the failure to replace, T as a constant.
(3) In order to build more accurate models, considering the influence of maintenance time, corrective replacement time f t is greater than preventive replacement p t . Replacement time is fixed. (4) The response time of failure can be neglected, replace right away after failure. Switching is done in an instant and the switch will not fail.
(5) The failure rate are identical, units have the same distribution function in using.
MODELING AND SOLUTION
In order to simplify the analysis process and uniform variable, cumulative failure probability equivalent model is introduced. Convert the wasting time of the spare part into the working time of the using part. And then establish the optimization model of availability.
Cumulative failure probability equivalent model
As is shown in fig. 1 , the warm standby system consists of two identical units. Their failure distribution functions are ) ( 1 t F and ) ( 2 t F , respectively. Suppose: unit 1 failure at 1 t time. At this point, assume the unit 2 is not invalid. Under the same load conditions, the unreliability of the unit 2 is ) ( 1 2 t F , and then the unit 2 accesses the system as the using unit. In continuing the work, the failure distribution function of element 2 is ) ( 1 t F . At the beginning of the continuing work of the moment, the value of storage of cumulative failure probability will not change because of change of the cumulative failure distribution function (Yang W, 1990) . Under the condition of storage, the cumulative failure probability is converted to the cumulative failure probability under the condition of using. As shown in Fig. 2 Figure 2 Cumulative Failure Probability Equivalent Model
Replacement model for infinite period
According to the basic theory of renewal process， In the long-term use conditions, the average availability of the system can be expressed as
Before a replacement, there is no unit failure in the system, that is T  1 t and
, unit 1 was failure at the time of 1 t , the unit 2 accesses the system as the using unit. From formula (1) corresponding to the renewal process. Expected failure times of the system could be expressed as
There are two cases of two units both fail. The first case, before a replacement, when the unit 1 fails, the unit 2 has failed. That is T  1 t and The second case, before a replacement, after the unit 1 fails, the unit 2 works. But before the next replacement, the component 2 will fail. That is 
Model optimal solution
This paper establishes the availability model of warm standby system consisting of two identical components in the block replacement strategy. It could not be solved directly, because the representation of the model is too complicated. Numerical algorithm is used to solve the simulation by MATLAB software.
EXAMPLE ANALYSIS
In the infinite Period, the expected availability of the system can be solved by MATLAB software. As shown in Fig. 3 The highest point in the graph is the maximum availability of the system. It is 0.9764. The best replacement interval is 103 days. When the replacement intervals are in the range of 39-178 days, the availability is greater than 0.95. Fig. 4 describes the relationship between availability and replacement interval for single component system. The cumulative distribution function of the single unit is ) ( 1 t F . Figure 4 The relationship between availability and replacement interval for single component system
The highest point in the graph is the maximum availability of the system. It is 0.9384. The best replacement interval is 46 days. When the replacement intervals are in the range of 19-93 days, the availability is greater than 0.9. Fig. 3 and fig. 4 , we found that the maximum availability of a single component system is lower than the maximum availability of the system, Moreover, the warm standby system can maintain a high degree of availability in a long time, but the availability of single unit system is rapidly declining. In summary, the warm standby system can improve the availability of the system in a longer replacement interval.
Comparison of
CONCLUSIONS
In this paper, the availability of protection system is improved by adding redundancy. A proper model is established and the effective method is adopted. The validity and applicability of the model are verified by the comparative analysis of the case. Standby systems are diverse and the factors considered are complex. In this paper, only a simple system is discussed. Next, we will discuss the research on the replacement intervals of the warm standby system under the condition of infinite interval.
